The purpose of this work is to highlight behaviour of RTP crystal in Electro-Optic configuration. We will review main features of interest such as extinction ratio, voltage applied, lifetime and damage threshold.
Introduction
Rubidium Titanyl Phosphate (RbTiOPO 4 , RTP) is an isomorph to Potassium Titanyl Phosphate (KTiOPO 4 , KTP), a highly efficient non-linear crystalline material. RTP single crystals are grown by a slow-cooling flux method. The saturation point at the start of crystal growth is set by using a seed-tentative method. The growth temperature ranges from 950°C to 800°C and the growth period is usually between 45 and 60 days.
RTP crystal looks promising because it is not sensitive to moisture, easy to handle and coat, but also because it does not exhibit piezo-electric ringing at elevated repetition rate [1] . Moreover, RTP exhibits high electro-optic coefficients that allow the monitoring of Pockels cell with low power voltage requirement. As RTP is transparent from 0.4 to 3.5µm, it can be used in multiple types of laser such as Er:YAG laser at 2.94µm with fairly good efficiency [2] . Bulk absorption measurements at 1.064µm range from 50 to 150ppm using Photothermal Common Path Interferometer [3] . Fig. 1 In the present paper we report on experiments performed on RTP modulators using a continuous voltage driver. The aim of this work is to point out the behavior of the modulator when an electric field is continuously applied between its electrodes.
Electro-optic characterization
The general layout of the set-up is displayed in Fig. 2 . As single RTP crystal is very sensitive to temperature change, we use a thermally compensated design with two crystals in order to average temperature changes. In this configuration, crystals are positioned in a V-groove with crystallographic Z + axis at +45 degrees of the laser polarization for the first crystal and -45 degrees for the second one. The cell is placed between crossed polarizer and analyzer. The wavelength of the laser beam is 1064nm and transmitted signal is recorded with a photodiode connected to an oscilloscope. High electrical voltage is applied on the Z+ side of each crystal and ground is related to the mechanical holder. A DC high voltage power supply from F.UG. Elektronik GmbH that can deliver up to 6.5 kV is used for driving the EO cells.
For this study, we have used RTP crystals coated at 1064 nm and 532 nm and cut along Y axis. The dimension of individual crystals is 4x4x10mm. Data regarding measurements of the extinction ratio and static half-wave voltage are shown in the Fig. 3 : Fig. 3 . Electro-optic data measured at 1064nm
The static half-voltage of the other vendor is much higher because crystals are cut along X axis. It is interesting to note that a similar EO cell based on BBO requires around 5kV switching the transmission from minimum to maximum. On the other hand, BBO exhibits extinction ratio 2 times (in db) better than RTP. The dc high voltage power supply is able to display the leakage current of the EO cell. Then, we have decided to record the current as a function of the dc high voltage applied on the cell as it is presented in the We haven t observed any leakage current in the EO cell of the other vendor. The main difference between our RTP crystals and those of the other vendor is the parallel capacitance. This value is around 8-9 pF from 100Hz to 1MHz for the other vendor. We have built a bench based on a LCR meter to measure the ionic conductivity of our crystals. The measurement is directly performed with a HIOKI LCR-meter. This device delivers a sinusoidal voltage, with a zero average, Vmax = 7 V. The frequencies span from about 200 Hz to more than 1 MHz. According to this procedure we have found that our crystals have a parallel capacitance varying from 15 pF at 100 Hz to 5 pF at 1 MHz. We estimate that the lifetime of the EO cell is correlated to this factor but a study regarding the influence of the nature of the electrode is under progress. The drawback of the leakage current in RTP is not yet well understood but some papers are pointing out the lack of stoichiometry to explain the weak resistivity of the crystal [4] .
Damage threshold evaluation
It is often a critical parameter for many applications but it is rather difficult to find in the literature a study performed on RTP crystal. The aim of this work is to determine with good accuracy the crystal breakdown on two different crystal lengths with Q-switched Nd:YAG laser operating at 10Hz, 6ns and with a beam profile shown in the We have decided to work on a step by step basis: we start to illuminate the crystal with a few mJ of energy during one hour. Then, we inspect the crystal under microscope. If no damage is detected we increase the energy and repeat the same protocol until we observe damage in the crystal. The crystals used for this testing are described as following: Crystal N°1 (CL): 4x4x5mm, uncoated, Y-cut and laser polarization along X-axis. Crystal N°2 (other vendor):
4x4x5mm, uncoated, X-cut and laser polarization along Y-axis Crystal N°3 (CL):
4x4x10mm, uncoated, Y-cut and laser polarization along X-axis.
On the crystal N°1 the damage happens for a fluence of 8.5J/cm² corresponding to an intensity of 1.4 GW/cm². The damage starts in the bulk and propagates to the exit face. The crystal N°2 exhibits a surface damage at the same fluence. Finally, we have found out that crystal N°3 is less resistant since damage happens at 5.4J/cm² corresponding to an intensity of 0.9 GW/cm².
Conclusion
The results obtained in the study show that RTP crystal is definitively a good choice for many electro-optic applications. It can be used from 0.8 to 3µm without exhibiting more than 1% of insertion loss. Thanks to high electro-optic coefficients switching voltages can be less than 1kV at 1064nm. We have also demonstrated that RTP could be efficient in high power laser since damage threshold has been measured around 1 GW/cm². On the other hand, it appears that development must continue in order to investigate and solve the problem of leakage current.
